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This  is  the f i r s t  t ime  that I hasre been invited to appear  before  a 
commit tee  of the Congress  and I a m  cage r  to  respond. 
important  and urgent problems that Congress  and the Amer ican  people 
m u s t  face to a s s u r e  p rogres s  of r e s e a r c h  in  the  se rv i ce  of m a n .  
brief s ta tement ,  I wil l  not t r y  to present  a detailed course  on DNA and 
genetic chemis t ry .  
the late IIonorable John Fogar ty  and Dr.  F r e d  Stone of the NII I  i n  a hear ing  
in  1967 before  a n  appropriat ion subcoininittee of thc7 I louse:  

T h e r e  a r e  

In this 

I am mindful of an exchange xrvhich took placc between 

"Mr. Fogar ty .  'What is the difference betnieen DNA and RNA? 
J don ' t  understand e i ther  one of them a l t h o u g l ~  tile)- have been explained 
to  m e  fo r  4 o r  5 y e a r s  now. I 

"Dr. Stone. "1 s h a r e  some  of your  confiision, s i r .  DNA is 
deoxyribonucleic acid.  The  other  is ribonucleic acid.  The difference 
between the two l i es  in a difference in the r ibose s u g a r .  I 

IIMr. Fogarty.  'I don ' t  know any m o r e  tlmn when you s ta r ted .  I '  

What I would l ike to  convey to  you is  a b roadc r  insight in to  the. 
significance of s o m e  recent  r e s e a r c h  on genes and heredi ty .  
t o  the Senate Joint Resolution 145, I would like to  rccord  my essent ia l  
agreement  with the opinions expres sed  by D r .  Joshua Lederberg ,  i n  tes t imony 
which he has  kindly let nit s e e  in advance and which he will  p resent  l a t e r .  

With respec t  

Although w e  have all grown w e a r y  of the much  overused adjective 
"revolutionary, ' I  I believe w e  all a g r e e  that the changes in  biology which 
have occurred  during the past  25  yea r s  a r e  nothing shor t  of revolutionary.  
The nature  of heredi ty ,  clouded in abs t rac t  language even 15 y e a r s  ago, 
can now be descr ibed  c lear ly  in chemical  t e r m s .  We understand how na ture  
a r r a n g e s  heredi ty  through ingenious applications of well-established laws of 
chemis t ry  and physics.  And becausc of these t remendous advances,  the 
e s sence  of biology has  become comprehensible  t o  the high school student and 
the non-scientist .  
theme of "molecules to  man ,  I '  

This  revolution in biology has introduced a new theme,  a 

During the past  100 y e a r s ,  s ta r t ing  with the w o r k  of Louis P a s t e u r ,  
w e  have learned that s t ra ightforward chemis t ry  explains the cel lular  
combustion of foodstuffs to  produce the energy that a cel l  needs to  work  
and to  grow. 
human and an imal  nutri t ion and inany metabol ic  d i s o r d e r s  in man.  

This  knowledge has been of c ruc ia l  importance in  understanding 
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However,  t he re  w e r e  sc ien t i s t s ,  including P a s t e u r ,  who predicted 
that these p rocesses  of fermentat ion and combustion of foodstuffs absolutely 
required a living cell ,  that  they would never  be I-econstructed in ce l l - f ree  
fluid s But we know now7 that they w e r e  mistaken.  
Around 1950 many sc ien t i s t s  w e r e  convinced that the f a r  m o r e  in t r ica te  
react ions surrounding the s t ruc tu re  and operrttion of genes would never  be 
understood o r  resolved in  s imple  molecular  t e r m s .  
past  15 y e a r s  have proved that thesc  gloorriy predictions w e r e  a l so  wrong. 

The events of the 

As you know, heredi ty  res ides  in our  genes.  Our  genes a re ,  in 
About 10  y e a r s  ago turn ,  composed of complex molecules  called DNA. 

w e  learned how to  synthesize DNA in the t e s t  tube with the use of a cer ta in  
ce l lu la r  catalyst  o r  enzyme.  
as a m a s t e r  tape to  ins t ruc t  the cnzymc how to c a r r y  out the a s sembly  
process .  
t e r i s t i c s  of na tura l  DNA but i t  lacked the genetic propcrt ies .  During the 
past  yea r  w e  have been able to  synthesize DNA wliich has  the € t i l l  genetic 
act ivi ty  of na tura l  DNA. 
c r e a t u r e s ,  a v i rus  which has  only 6 genes,  to s e r v e  as the m a s t e r  tape 
to  be copied. 
At Stanford University,  Dr .  Mchran  Goulian and I w e r e  able to synthesize 
a DNA copy which had the s a m e  chemical  and physical propert ies  of the 
DNA obtained f r o m  the v i rus  i tself .  
a t  the California Insti tute of Technology, w e  found that the synthetic DNA 
w a s  infective: i t  was  able  to en ter  cells and produce new v i ruses  just  as 
efficiently as DNA froin na tu ra l  v i r u s e s .  I have mentioned the complexity 
o€ DNA molecules .  In this c a s e  one molecule of v i r a l  DNA contains 5 ,  500  
building blocks in a ve ry  p rec i se  sequence;  each building block in  turn  
has 35 a toms.  

This  synthesis  requi red  that DNA be  furnished 

The DNA we synthesized had the chemical  and physical cliarac- 

In this work  we chose one of the s imples t  

Human cel ls  by  compar ison  have many thousands of genes.  

Together  with Dr .  Robert  S inshe imer  

We infer  f r o m  these  resu l t s  that in  the test-tube synthesis  of the 
v i r a l  DNA the re  was  a n  e r r o r - f r e e  duplication of the original v i r a l  DNA. 
E a c h  of the 5,  500  components i n  this v i r a l  chromosome was  placed in 
exactly the right sequence.  Were  i t  not so ,  a defective DNA message  
would have resul ted and v i ruses  would not have been produced. 
techniques in hand, i t  should now be equally s imple  to  synthesize the 
similar DNA of the polyoma v i rus .  
of cance r s  in  rodents.  
modify it.  
a s sembly  process .  

With these 

The polyoma v i rus  causes  a va r i e ty  
Why synthesize this par t icu lar  DNA? In o r d e r  t o  

We can do this by substi tuting modified consti tuents i n  the 
This  wil l  r e su l t  in  subtle but significant changes in  
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the m e s s a g e  c a r r i c d  by the v i r u s .  
anzlyzc v,rliich of thc genes in  the v i r u s  i s  responsible  f ( J r  i t s  c ; i~icer-  
producing ~ > r o p e r t  i e s .  

ln this  way i t  should be possible  to 

The detai ls  of the work I just  suiniiiarizcci for you w e r e  r epor t cd  
i n  tlic Proceedings of the National Academy of Sciences in I lccember .  
33ecause I tliought they injght be of public jntc.Test, I informed our  p r e s s  
officer at Stanford and  hc in t u r n  got  in t o u c h  with loca l  ncu'spaper r e p o r t e r s .  
A r epor t e r  who interviewed m e  asl;cd \\r!iether vre hac1 in fact  c r ea t ed  life 
in  the t e s t  tube. At f i r s t  this question i ~ . r i t a t e d  ~ n c .  What's ~ r r o n g  with 
m y  saying "enzyinalic synthesis  of v i r a l  DNA ? I '  JVliy use another vocabulary 
and call  it "creat ion of l ife in  the tes t  tube? I '  J the:i real ized {hat  the 
r e p o r t e r  was s imply  askiiig a cluestjon iii language that  ~ o u l d  be asked  by 
the average  ci t izen.  
understanding . Uncle r s tam1 ing , jn iur11, cljminshe s lvhen problems of 
language pe r s i s t .  JVe s p e n t  s e v e r a l  hour s  
going O V C Y  the background, the detai ls  a c c l  tlic jniplications of the work.  
Finally he sa id ,  "AS I unrlerstaiicl i t ,  you obtained DNA f r o m  a v i rus  to 
s e r v e  a s  a m a s t e r  tape.  " "You acldcd these  building blocks f r o m  
avaj lable  suppljcs on  the shelf. ' I  "And then thjs par t icu lar  
enzyme that you had purified f r o m  ce l l s  asscniblcd these  building blocks to 
copy the master tape DNA. I' I paused and 
sa id ,  I jus t  watched with admira t ion .  I' H e  then paused and sa id ,  "1 guess  
I would, too. I '  I-Ie wrote  a fine s t o r y  in  the ncw5paper tlie next day but the 
banner  headline ran:  "Living Virus  Core  Created. I t  

Semantic probleims flourish x\ lien the re  i s  lack of 

So we tallcecl for  some time>. 

"Right. 'I 
"Corrcc t .  I '  

"Right. ' I  "So what did you d o ?  ' I  
I' 

In discussing our  work with in te res ted  ci t izens,  and I believe it 
impera t ive  that  sc ien t i s t s  shonld, we mus t  find a common language. It 
will not clo for  m e  to tell the r e p o r t e r  thz~t  for  y e a r s  sc ien t i s t s  have had 
no interest  in the question of whether v i ruses  a r e  living because they know 
exact ly  what v i ruses  a r e .  
i n t e re s t s  people and w e  should u s e  such a question a s  one means  of 
beginning an  educational dialogue between sc ien t i s t s  and their  fellow ci t izens.  

The state of living o r  dying understandably 

I think you apprec ia te  tha t  i t  i s  difficult to define the t e r m  ' l iving'  
t o  the sat isfact ion of both the sc i en t i s t  and the inteyested cit izen. We all 
will a g r e e  that  bac te r ia  which swim about, rriultiply and are fully se l f -  
sufficient a r e  living. But s c i en t i s t s ,  i f  persuaded to make a yes o r  no  
judgment about v i r u s e s ,  would not all a g r e e  that v i r u s e s  a r e  living. This 
i s  because v i r u s e s  are not self-suff ic ient  and mus t  invade a bac te r ium o r  
an ima l  to multiply.  Yet i f  you w e r e  to exanijne the s i inplest  of the bac ter ia  
and the mos t  complex of the v i r x s e s  you would find no sha rp  l ine separat ing 
them. W e  know that  the DNA of a v i rus  is as  effective as  the v i rus  i tself  
i n  infecting a cel l  and leading to the production of hundreds of new v i ruses .  
We know that this DNA can  be a s sembled  in the t e s t  tube f r o m  s imple ,  
well-defined chemicals .  Understood in  these t e r m s ,  then, we can a g r e e  
that  the v i r a l  co re  is a v e r y  pr imi t ive  o r  s imple f o r m  of l ife,  and has  been 
synthesized in the t e s t  tubc. 



The te rm 'c rea t ion '  i s  a problem i n  i t s c l f .  Thc repor te r  find5 
it aii ca s i c r  w o r d  to use  than ' synthes is .  ' 
crca t ion  upsets sonic sc icn t j s t s .  
t e s t  tube froin i ts  com;,oncnt bujlcling blocks foJlo~~,-ecl thc plan dictated by 
DNA obtainccl f rom naturc .  
t ion of the DNA that preceded  i t .  
is nature's genetic engineering job il lat  has  been going  311 for the last 2 
billion y e a r s  and wjl l  continuc as  long  a s  life r ema ins  on cai-th. 

But applicd to  DNA, the w o r d  
Asseml>ly of the DNA molecule in tllc 

All DNA is  a n  ~ x ~ i c t  copy o r  a s l ight  moclifica- 
W e  can argue that  the  c rea i jon  of DNA 

What r ea l ly  s t a r t l e s  and intr igues pcoplc i s  that  genetics o r  
heredi ty  i s  simply chemis t ry .  
chemis t ry .  
worlcl we can begin to  r econs t ruc t  soinc of the v e q -  simplest pa i lc rns  of 
DNA duplication in thc test tube. In the next 20  yc'ars this \vorlc m u s t  be 
macle m o r e  p r e c i s e ,  va r i ed  and extcnsjve. Genetic engineering woulcl thcn 
conic m o r e  into prospec t .  This prospec t  fascinates  people. It also 
f r ightens then]  and T undcrstand xvhy i t  docs .  
t ion can  be used  for  good or evi l .  Fire, the wheel. Gun p o w j e r ,  nuclear  
power.  

It js a young a n d  clifficuli bxanc-11 of 
After 20  y e a r s  of work on DNA in labora tor ies  throughout the 

Ariy knonrledge o r  any inven- 

They s e r v e  us  and clestroy us.  

What wil l  genetic engineering br ing?  

We can  look forward  to the cor rec t ion  of genetic defects ,  the c u r e  
of d i seases  clue to defective o r  miss ing  genes.  
years hcilce, it should be possible  to c u r e  a patient xxrith an anemia due to 
defective hemoglobin,  
and cannot c u r e  the d i w a s e .  
the gene for human heinoglobjn w e r e  identifiecl, 3eparatecl f r o m  other  genes 
and reproduced in quantity in the t e s t  tube. I-1o.v~ coulcl w e  del iver  this  gene 
into blood-forming ce l l s  of the pat ient?  It should be possible to  include this 
gene in  one of the many v i r u s e s  which infect but do not h a r m  us .  
h a r m l e s s  v i r u s ,  as D r .  Stanficld Rogers has  suggested,  might be exploited 
a s  a vehicle for  del iver ing genetic information into cells where  i t  i s  needed. 

Our p rob lem in this branch  of science toclay, and for  the foreseeable  
future ,  is not too much but too l i t t le  knowledge. 
problems that  are different  i n  kind o r  quantity that face us  today with this  
new knowledge of genes and gene action. 
action, to  mobil ize  the ta lent  and r e sources  throughout the world to exploit 
the opportunities to expand our  knowledge of the molecular  mechanics  of man.  

At  some  future  date ,  many 

Cur ren t  treat iiznts consis t  only of blood t ransfusions 
Assume that  a t  sonic unspecified future  date  

Such a 

I s e e  no ethical  o r  m o r a l  

I do s e e  the  need fo r  congressional  

We have been and continue to be the objects of na tu re ' s  genetic 
engineering. May I remind  you what happens i f  

.a  single building block i n  any gene in the DNA is a l t e r e d  e i ther  by an agent 
such as X-rays, by radioact ive fallout o r  by a n  e r r o r  in the ce l l ' s  copying 
process .  
make the highly ref ined and evolved cel l  defective.  
heinoglobin .we have recognized over a dozen dis t inct  blood d i s o r d e r s  which 

Often we a r e  i ts  v ic t ims .  

The chances are 1 ,  000 to 1 that any a l te ra t ion  in the gene will  
In the case  of human 
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a r e  clue to a single a l te ra t ion  in the gene which c a r r i e s  the message  for 
hemoglobin. 
individuals that  c a r r y  these changes a r e  mutants .  

Such changes a r e  called mutations and the unfortunate 

We despera te ly  need m o r e  information about the molecular  
anatomy and behavior of genes to understand and cope with na tu re ' s  
genetic engineering. Despite the promising leads and insights into gene 
s t ruc tu re  and act ion that I have cited,  knowledge of genetic chemis t ry  is 
r ea l ly  pitifully weak. 
to chemis ts  to work in this a r e a .  We know that  molccules  deterriiine what 
we a r e  a s  men  and how we behave. 
o u r  chromosomes  and our  b r a i n  than we do about the molecules  in Austral ian 
wool. 
recognized the value of bas ic  r e s e a r c h  in the composition and chemical  
p rope r t i e s  of wool. 
molecules ,  genes and ce l l s  of man.  
of to bring u s  c lose r  to a deeper  understanding of growth and aging, of our  
nervous s y s t e m  and behavior .  

Scandalously l i t t le  support  o r  encouragement i s  given 

Yet we know less about the molecules  of 

This is because Austral ian wool growers  have for  many y e a r s  

I believe i t  urgent  that  w e  expand our  r e s e a r c h  into the 
This i s  the soundest investmcnt I know 

I make  a spec ia l  plea now because the 1969 budget enacted by the 
Congress  actual ly  cuts  back r a t h e r  than expands this essent ia l  bas i c  r e s e a r c h .  
In recent  months graduate  students have coinpleted the i r  training in our 
labora tor ies  with superb  qualifications.  These a r e  young m e n  and women who 
should be exploiting their ta lents  and training to the ful les t .  
of many of these  invest igators  has  been depressingly s i m i l a r .  
applied for NIH o r  National Science Foundation grants  and had these gran ts  
approved with high p r io r i ty  ra t ipgs .  
w e r e  not avai lable  to fund these  g ran t s .  
nucleic ac id  chemis t ry  and other  a r e a s  of bas ic  r e s e a r c h ,  never  adequate,  
has  in 1968 d-ropped below the c r i t i ca l  point. 
want to work in the field, this is discouraging and f rus t ra t ing .  
medical  prac t i t ioner  who hopes one day to have the advantage of fundamental 
findings in his cl inical  p rac t ice ,  the implications a r e  t rag ic .  It i s  difficult 
to understand why this e ros ion  of support  has  taken place.  Is it because the 
government  which m u s t  c a r r y  the l ion ' s  s h a r e  of the bu-cden of support  for  
scientific investigation in this country does not believe in such bas ic  r e s e a r c h ?  

The exper iences  
They have 

But they have been informed that  monies 
It s e e m s  c l ea r  that support  for  

F o r  the invest igators  who 
F o r  the 

The r emarkab le  p r o g r e s s  of the pas t  20 y e a r s  s t e m s  f r o m  labora tor ies  
all over  the world financed by the Congress  in p rograms  superbly adminis te red  
by the NIH, the N S F  and other  federa l  agencies .  
the organizational mechanisms to  do the job. 
means .  

In these p rograms  we have 
We m u s t  provide them with the 

In concluding, m a y  I r epea t  what I said a t  the outset .  The revolution 
in  biology has  introduced a new theme,  a theme of molecules  to man.  
theme could become a miraculous br idge a c r o s s  the gulf between the 
humanist ic  and scientific cu l tures .  F o r  the first t ime in  recent  h i s tory ,  
physicis ts ,  chemis ts  and biologists a r e  finding in  the operations of heredity,  

This 
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problems that fascinate  thcin a l l  and which they can d iscuss  in a common 
language. The granulation of sc ience ,  which Maxwell deplored cven a 
century ago,  has  visibly coalesced around the theme of molecules and genes.  
This a r e a  of science a l so  happens to be of intimate concern to man  and 
society.  
knowledge can be un3erstood by non-scient is ts  and d iscussed  in a common 
language with sc ien t i s t s .  Twice before in  the h i s to ry  of wes t e rn  civilization, 
the scient is t -phi losophers ,  the humanists  and the polit ick x:s found common 
grounds f o r  broad intellEctual d i scuss ions .  
P e r i c l e s  and t h e r e  was the Renaissance Per iod .  
new period of enlightenment in which we can begin to understand the 
molecular  foundations of human nature .  
Congress  that r ep resen t  t hem have a t r u s t  t o  make this Trospect a real i ty .  

And I ins i s t  that  bas ic  facts  of heredi ty  and what we do with this 

The re  was the Golden Age of 
I s e e  the prospect  of a 

The Amer ican  people and the 


